For captive animals, living in barren conditions leads to stereotypic behaviour that is hard to alleviate using environmental enrichment. This resistance to enrichment is often explained via mechanisms that decouple abnormal behaviour from current welfare, such as 'establishment': a hypothetical process whereby repetition increases behaviour's predictability and resistance to change. If such hypotheses are correct, then animals with enrichment-resistant stereotypic behaviour should still find enrichments rewarding. Alternatively, this behaviour could reflect a failure to improve welfare: plausible because age and chronic stress increase neophobia and anhedonia. If this hypothesis is correct, animals with enrichment-resistant stereotypic behaviour should value enrichments less than conspecifics. We tested these hypotheses using C57BL/6 mice, Mus musculus, aged 10e11 and 6e7 months, raised in barren laboratory cages. We observed their behaviour in both these and large enriched cages. Enrichment was more effective on the younger animals. However, contrary to ideas about establishment, the spontaneous predictability of stereotypic behaviour did not increase with age; nor was enrichment less effective on more predictable or timeconsuming forms. We assessed the reward value of enriched cages by allowing access via progressively weighted doors (maximum weight pushed corresponding to peak motivation). In older mice, those individuals whose stereotypic behaviour was least reduced by enrichment were also the least motivated to gain access to enrichment. This suggests that the welfare of middle-aged-animals, as well as their stereotypic behaviour, is harder to improve using environmental enrichment. Ó
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Over 85 million captive animals worldwide display stereotypic behaviours, traditionally defined as repetitive, unvarying and without apparent function (Mason & Latham 2004) . Examples include pacing in caged carnivores, rocking by isolated primates and sham chewing by hungry sows. These behaviours are ethically worrying because they are statistically associated with environments, treatments and feeding regimes that cause poor welfare (Mason & Latham 2004) . They also reduce the appeal and educational value of zoos (Swaisgood & Shepherdson 2006) , and may indicate dysfunction of the forebrain's basal ganglia (Garner et al. 2003; Mason 2006; Lewis et al. 2007 ). Animal carers in zoos, stables and research facilities therefore often try to prevent or reduce them, most commonly by using environmental enrichment (Shepherdson et al. 1998; Young 2003) . This involves providing rewarding stimuli, objects and substrates that trigger interaction and naturalistic behaviour (e.g. Young 2003; Swaisgood & Shepherdson 2006) . Compared to other means of preventing or reducing stereotypic behaviour (e.g. punishment, physical prevention or pharmacological treatment), enrichment is the preferred approach because of its potential to alleviate subjects' underlying poor welfare, not just their undesirable behaviour (Mason et al. 2007) . Successful examples include the provision of naturalistic burrows and nest chambers to Mongolian gerbils, Meriones unguiculatus, which prevents the emergence of stereotypic digging (Weidenmayer 1997); and socially housing Amazon parrots, Amazona amazonica, which prevents development of the abnormal oral and cage-climbing behaviours common in isolated birds (Meehan et al. 2003) .
However, despite such successes, some individuals' stereotypic behaviour seems very hard to reduce, even with improved housing that does reduce these behaviours in conspecifics. To illustrate, the earliest accounts of stereotypic behaviours included anecdotal reports of polar bears, Ursus maritimus, moved from small circus wagons to large zoo enclosures (Meyer-Holzapfel 1968) : these animals spent more time in stereotypic behaviour than typical zoo bears, and performed forms still delineated by their former tiny cages (see also Morris 1964 and Burghardt 2005 for similar 
